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Fractionation of COD

Melcer H. et al. 2003. Methods for wastewater
characterization in Activated Sludge Modeling



Organic matter
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Nitrogen
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Phophorus
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Typical magnitudes of ww fractions
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Why is influent quality important?
- Readily biodegradable

organic matter
- Oxygen demand pattern
- Determines process’ ability to

enhanced biological P
removal

- Level of denitrification
achieved with wastewater’s
own carbon source

- Unbiodergadable particulate
COD

- Affects the oxygen demand
- Affects the sludge yield

- Influent quality also affects
e.g. the performance of the
primary clarifier

- Biggest differences with
industrial wastewater



Influent COD fractionation

• TCOD = XB +XU + CB + CU + SB + SU

• FCOD1.2µm = CB + CU + SB + SU

• ffCOD = SB + SU (ZnSO4 at 10 pH using NaOH)
• RBCOD = ffCODInfluent – ffCODFinal effluent

• (OUR for OHO determination)

Particulate Colloidal Soluble



RBCOD measurement by
respirometry
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Components contributing to measured
OUR

RBCOD
Nitrification

SBCOD
Endogenous



SU XU

SB XB

Activated Sludge Model No. 1 -
Influent

Four wastewater fractions, at least!

Particulate
Unbiodegr

adable

Soluble
Unbiodegra
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Readily
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Slowly
Biodegrada

ble
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XU XOHO

XE XB

Activated Sludge Model No. 1 -
MLSS

Four biomass fractions, at least!

Biomass
Influent

unbiodegra
dable

Endogenous
residue

Slowly
Biodegra

dable
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Effect of the influent constituents
 ORGANIC MATTER
 BIODEGRADABLE – forms

new biomass
 UNBIODEGRADABLE
 PARTICULATE – goes to sludge
 SOLUBLE – leaves with effluent

 INORGANIC MATTER
 PARTICULATE – goes to

sludge
 SOLUBLE – precipitable

- Biologically utilizable
- The rest of the soluble

inorganics escape with effluent
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Biological wastewater treatment
Henze, Mogens; Loosdrecht, Mark C. M. van; Ekama,
George A.; Brdjanovic, Damir Publisher IWA Publishing



Total Influent
COD
TCOD

Filtered COD
SCCOD = SU + SB +

SVFA +CB + CU

Particulate COD
XCOD

SVFA SB SU CB CU XB XU

Filtered Flocculated
COD

SCOD = SU + SB + SVFA

Colloidal COD
CCOD = CU + CB

XOHO

SUMO 1 Influent
Fractions

XE=0

XBIO=0
except
OHO

S = soluble
C = colloidal
X = particulate
VFA = volatile fatty
acid
B = biodegradable
U = unbiodegradable
OHO = ordinary
heterotrophs
E = endogenous
decay products
BIO = biomass
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Sumo influent tool



Anna Mikola

Biological processes
Nutrient removal



Influent

Waste activated
sludge

biomass,
Activated sludge

Aeration

Return activated sludge

EffluentClarifier

Activated sludge
process



Conventional N removal
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Autotrophic
Aerobic conditions

Heterotrophic
Anoxic conditions

1 mole NO3
-

1 mole NO2
-

1 mole NH4
+

1 mole NO2
-

1/2 mole N2

75% O2 (energy)
100% alkalinity

25% O2 (energy) 40% org. matter

60% org. matter

Nitrification Denitrification

AOB

NOB



Nitrification and denitrification

SRT long SRT short SRT increases the rate

Oxygen high, 2 mg/l no oxygen or very low

Organic
matter no need (autotrophic) needs a carbon source

BOD load low load high load

Alkalinity consumes produces

3.5.2023



Processes included in SUMO2

05/03/2023
Laitoksen nimi

22

Note! More focused models exist with 4-step denitrification or
including N2O production
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ANAEROBIC AEROBIC

org.matter

PHB, PHV
poly-P phosphates

energy CO2+water

PHB, PHV
poly-P phosphates

energy

Phosphate (dissolved)

BioP



Metabolism of bioP: Anaerobic VFA
sequestration

Biological wastewater treatment
Henze, Mogens; Loosdrecht, Mark C. M. van; Ekama,
George A.; Brdjanovic, Damir Publisher IWA Publishing



Metabolism of bioP: Aerobic P
uptake

Biological wastewater treatment
Henze, Mogens; Loosdrecht, Mark C. M. van; Ekama,
George A.; Brdjanovic, Damir Publisher IWA Publishing



Modeling bioP
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Biological wastewater treatment
Henze, Mogens; Loosdrecht, Mark C. M. van; Ekama,
George A.; Brdjanovic, Damir Publisher IWA Publishing



Effect of influent characteristics

Follow e.g. unbiodegra-
dable COD and RBOC in
the scheme
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Biological wastewater treatment
Henze, Mogens; Loosdrecht, Mark C. M.
van; Ekama, George A.; Brdjanovic, Damir
Publisher IWA Publishing



Anaerobic digestion
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